(Ann Rheum Dis 1995; 54: 645-653) Destruction of articular cartilage is a prominent feature of inflammatory joint diseases such as rheumatoid arthritis (RA).I
The mechanism underlying tissue damage remains largely unknown. There is compelling evidence that products secreted by inflammatory cells, synovial lining cells, or chondrocytes themselves are responsible for loss of proteoglycans (PGs), denaturation of collagen, and chondrocyte death. The initial deterioration of the cartilage matrix is probably caused by disturbance of the equilibrium between synthesis and degradation of matrix PGs.2A It has been demonstrated that mediators such as interleukin-l (IL-1) and tumour necrosis factor (TNF) are important inhibitors of chondrocyte PG synthesis, IL-1 being more potent than TNF. Furthermore, evidence is accumulating that these cytokines play a crucial role in the pathogenesis of arthritis.5-'3 In addition, lack of anabolic signalling might contribute to decreased chondrocyte PG synthesis during joint inflammation. 14 15 Insulin like growth factor-i (IGF-1) is the most important growth factor that regulates cartilage PG synthesis. ' 21 by intra-articular injection of 60 ,ug mBSA in 6 ,ul of phosphate buffered saline (PBS) into the right knee joint.
The antigen induced arthritis model is characterised by an acute synovial inflammation with numerous granulocytes, which changes into a chronic type of inflammation characterised by mononuclear cells. 4 3 In common with zymosan induced arthritis, antigen induced arthritis is characterised in the acute phase of the disease by severe destruction of the cartilage matrix and inhibition of chondrocyte metabolism.
Left contralateral knee joints received no injections, and served as controls. It is known from previous studies that the contralateral joints show responses to the treatment that do not differ from the appearance of joints in control animals.
Mice were killed by cervical dislocation at 6, 12, 24, 48, 72, 96, or 168 hours after induction of arthritis and intact patellae were dissected from the right arthritic knee joints and left contralateral control knee joints. During the dissection process, the patellar ligaments were cut, but care was taken to leave the cartilage fully intact. 4 36 JOINT INFLAMMATION Joint inflammation was determined during different phases of arthritis by measurement of 99mTc-pertechnetate (99mTc) uptake by the knee joint. Mice were sedated using chloralhydrate injected intraperitoneally, and 99mTc was injected subcutaneously in the neck. After 20 minutes, radioactivity was measured in both knees, which were in a fixed position. Joint swelling was expressed as the ratio of the 99mTc uptake in the right to that in the left knee joints (R:L ratio),37 a value greater than I1 indicating swelling.
CARTILAGE CULTURES
Patellae were cultured in an RPMI 1640 medium (Flow Laboratories, Irvine, Scotland) containing 2 mmol/l glutamine, 40 ,ug/ml gentamycin, 0-1% ultrapure BSA (Sigma), with or without addition of 0n25 ,ug/ml recombinant human IGF-1 (Boehringer, Mannheim, Germany). The molarity of 0-25 ,ug/ml IGF-1 is 4-38 X 10'8. All incubations were performed over 24 hours in 24 well cluster dishes at 37°C in a humidified atmosphere containing 5% carbon dioxide. (fig 1) . In all other experiments we used 0-25 ,ug/ml IGF-1, which maintained PG synthesis of normal cartilage at in vivo levels, and which is close to the physiological concentration of IGF-1 in mouse tissues.2149
Six hours after the onset of zymosan induced arthritis, the ex vivo chondrocyte PG synthesis remained at the same level as found in control cartilage and no enhanced R:L ratio of 99mTc uptake, reflecting joint swelling, was observed (fig 2A, B (fig 2A) . antigen induced arthritis model and was still not restored at day 4 ( fig 2D) . As shown for naximum at 24 hours, and the zymosan induced arthritis model, high ir days after induction concentrations of IGF-1 were unable to induce he inflammatory response stimulation of PG synthesis in the antigen )cyte PG synthesis in the induced arthritis model (data not shown). arthritic cartilage became restored. Concurrently with the development of zymosan induced arthritis (reduction of PG synthesis in the arthritic cartilage and enhancement of joint swelling), the arthritic cartilage lost its capacity to respond to IGF-1 in a 24 hour culture system (fig 2C) , even supraphysiologically high concentrations (2-0 pLg/ml) of IGF-I failing to induce stimulation of PG synthesis (fig 1) . Four days after induction of arthritis, recovery of IGF-1 responsiveness was observed in the arthritic cartilage ( fig 2C) .
IMMUNOHISTOCHEMICAL LOCALISATION OF IGF-1 RECEPTOR IN NORMAL CARTILAGE
Conventional fluorescence microscopical evaluation of mouse patellar cartilage sections stained immunohistochemically to demonstrate IGF-1 type 1 receptor revealed the presence of the IGF-1 receptor in chondrocytes within the articular cartilage, whereas the cartilage matrix was negative ( fig 3A) . 4A) . Antigen induced arthritis. In contrast with findings in patellae after zymosan induced arthritis, significant low immunoreactivity was already evident six hours after induction of arthritis by antigen ( figs 4B, 5B) . Surprisingly, 24 hours after antigen induction of arthritis, IGF-1 receptor staining had returned to normal levels in chondrocytes of both middle and deep layers. From this phase of the arthritis onwards, immunoreactivity in chondrocytes in the deeper zones of the cartilage remained constant at the level of that in control cartilage. Chondrocytes in the middle zones showed a slight but not significant increase in fluoresence intensity. At day 7 after induction of arthritis, IGF-1 receptor immunoreactivity in chondrocytes of both zones had returned to the levels found in control cartilage. Discussion IGF-1 is known regulation of to have a key role in the chondrocyte biosynthetic functions,16 [18] [19] [20] [21] and lack of anabolic signalling during arthritis'4 3 (fig 1) may contribute to cartilage destruction. In the present study we have shown that distribution patterns of IGF-1 receptor expression in the different zones of normal cartilage may reflect IGF-1 stimulation and metabolic activity of chondrocytes in these layers. Concurrently with the development of arthritis, cartilage lost its capacity to react to IGF-1, but when the inflammatory response was waning, IGF-1 stimulation had recovered. Shortly after induction of experimental arthritis a clear decrease in IGF-1 receptor expression was observed, whereas in later phases of arthritis, receptor expression returned rapidly to normal levels.
In a previous study we showed that nonresponsiveness to IGF-1 stimulation occurred at days 1 and 2 after induction of experimental arthritis.'4 These results, together with those outlined above, indicate that the phenomenon of IGF-1 non-responsiveness is highly correlated with the severity of arthritis.4 The early start of IGF-1 non-responsiveness in zymosan induced arthritis, and the later recovery in antigen induced arthritic cartilage, are consistent with the early onset of zymosan induced arthritis and the more prolonged inflammation in antigen induced arthritis.
In our analysis of IGF-1 receptor expression, CLSM optical sectioning of sections after immunolocalisation of IGF-1 receptor allowed accurate localisation and quantification of the immunoreactivity in the chondrocyte cell membrane. 34 The majority of IGF-1 receptor immunoreactivity was localised in chondrocytes of the middle and deeper zones of control cartilage, while it was very low in chondrocytes of the surface zone ( fig 5) . It is known that chondrocytes in the middle and deeper zones of human, pig, and bovine cartilage display greatest metabolic activity, whereas the metabolic activity of superficial chondrocytes is very low.5"53 On the basis of our data it may be concluded that differences in IGF-1 receptor expression in the cartilage layers are correlated with the heterogeneity in IGF-1 stimulation and activity of the chondrocytes in these layers.
Data also exist that indicate that alterations in chondrocyte metabolism under pathophysiological conditions also are not uniform in the different zones. 54 oxygen radicals produced by cells in the inflamed synovium are unlikely to be involved because they were unable to damage IGF-1 receptors in vitro. 64 The early loss of receptors coincides with a rapid decline in proteoglycan content, which may indicate that it is caused by the same proteolytic enzymes released into the extracellular matrix cartilage.
The apparent discrepancy between low levels of IGF-1 receptor expression in cartilage from joints in early stages of arthritis and normal responses to IGF-1 at these phases of arthritis may be explained by the time needed for the translation of IGF-1 receptor binding into changes of chondrocyte PG synthesis. A lag phase of approximately eight hours has been reported. 65 Moreover, PG synthesis is measured after a 24 hour culture period, and it is likely that in these early stages of arthritis the chondrocytes may recover during culture and upregulate the amount of IGF-1 receptors on their cell membranes. At present, recovery of receptor expression after culture is under investigation in our laboratory, and preliminary data have shown a recovery of receptor expression in cartilage at early stages of arthritis. In addition, we are now analysing potential changes in mRNA expression of the IGF-1 receptor during early phases of arthritis, using polymerase chain reaction technology.
Our observation that, at later stages of arthritis, amounts of IGF-I receptors rapidly returned to normal levels, while inhibition of PG synthesis continued, suggest that at this phase of arthritis the IGF-1 signal is overruled by suppressive mediators generated by the inflamed synovium. Otherwise, the type I receptor might be masked or damaged by agents produced by the inflamed synovium, preventing correct binding of IGF-1. Alternatively, but speculatively, the IGF-1 receptors present on the chondrocyte cell surface during later phases of arthritis may have a defective molecular structure, being therefore unable to exhibit normal biological functions.
Taking into consideration our present results and those of previous studies,' 4 
